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Abstract. Results on the multiplicity structure of diffrac- 
tively excited meson and proton systems in n + / K +p in­
teractions at 250GeV/c are presented for diffractive 
masses up to about 9 GeV. The energy dependence of the 
average charge multiplicity and the shape of the multi­
plicity distribution in terms of KNO-scaling and negative 
binomial distribution are investigated. The diffractive 
systems are compared to e + e ~ , Ih and non-diffractive hh 
final states as suggested by modern approaches of the 
Pomeron-hadron collision. Systematic differences are 
found between diffractive meson and proton systems but 
also between diffraction and the reactions compared to.
1 Introduction
Recent experimental results on hadron diffraction [1-6] 
have confirmed an elongation of the diffractively excited 
hadron system along the Pomeron-hadron direction. Such 
an elongation rules out a fireball-like, isotropic decay, 
but is expected in parton-oriented models for diffraction. 
Currently, two phenomenological partonic approaches to 
the Pomeron-hadron interaction may be distinguished: 
one is the Pomeron-photon picture [7-12] where the 
Pomeron couples to single quarks as the photon in deep
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inelastic scattering, the other the Pomeron-meson picture
[13-15] where the Pomeron interacts as a quark-anti- 
quark pair.
According to the Pomeron-photon picture, the char­
acteristics of diffractive hadron systems should be com­
parable with hadron production in semi-hard and hard 
processes. In the simplest case of scattering off a valence 
quark, one would expect an excitation of a quark-anti- 
quark system in meson diffraction and of a quark- 
diquark system in proton diffraction, leading to similar­
ities with e + e~ annihilation into hadrons and with lep- 
ton-hadron collisions, respectively. The Pomeron-meson 
picture underlines a more hadronic character of the Pom­
eron, according to which the Pomeron-hadron interac­
tion should be similar to non-diffractive hadron-hadron 
scattering.
An experimental distinction between the two pictures 
of Pomeron-hadron interaction is difficult since both con­
cepts predict similarly elongated hadronic systems. Fur­
thermore, the Pomeron-meson picture can be interpreted 
as scattering off a sea-quark and therefore as part of the 
Pomeron-photon picture. Common to both pictures is, 
however, that differences are expected between the prop­
erties of the (elongated) diffractive meson and proton 
systems.
In this paper we, therefore, concentrate on a detailed 
comparison of the multiplicity structure of meson and 
proton diffraction. Our diffractive data are further com­
pared to data on hadron production in e + e~ , Ih and non- 
diffractive hh collisions.
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The experimental data selection is briefly discussed in 
Sect, 2. Results on moments and on the shape of the 
multiplicity distributions are given in Sect. 3, with the 
comparison to e + e ~, /// and non-diffractive hh data where 
appropriate. Section 4 summarizes the main results.
2 Experimental data
The experiment NA22 has been performed at the CERN 
SPS using the European Hybrid Spectrometer (EHS) 
equipped with the H2 filled Rapid Cycling Bubble Cham­
ber (RCBC) as an active vertex detector and exposed to 
a tagged positive meson enriched beam of 250 GeV/c, the 
highest beam momentum so far reached for positive 
meson-proton collisions. Details on the full experimental 
set-up and the minimum bias interaction trigger used in 
data taking are given elsewhere [16]. The 4 n acceptance 
for charged particles in RCBC and the good momentum 
resolution over the whole momentum range (<zlƒ?/ƒ?> 
-1 .5 %  in RCBC, -2 .5 %  at 30 GeV/c and -1 .5 %  at 
100 GeV/c) are properties of EHS suitable to isolate and 
study the diffractive components.
For the present analysis, only well measured and re­
constructed events with the proper charge balance are 
accepted. Identification of slow protons in the RCBC 
(Puib <  1-2 GeV/c) is provided by a special ionization scan 
for 100% of the K *  and 70% of the 7r+ data. For the 
remaining 30% of the n + sample the mass dependent fits 
in GEOHYB (the EHS geometry program) are used. The 
mass of the beam particle is given to the fastest track if 
of positive charge and of momentum /?]ab>  120 GeV/c. 
All other tracks are taken as pions. Elastic events are 
excluded from the analysis. All events are properly 
weighted to account for losses due to the interaction trig­
ger, the reconstruction chain, and the proton identifica­
tion. The experimental procedure used to obtain the in­
elastic event sample is identical to that described in [1], 
except for the addition of further information on particle 
identification. After these cuts we are left with 54032 
inelastic n +p and 19834 K +p interactions representing 
our final statistics of well reconstructed inelastic events.
In selecting the diffractive components the same se­
lection criteria are applied as in [1]. There, it has been 
shown that a cut in the backward and forward leading 
particle Feynman-x spectra (xF< —0.85 for the back­
ward and xF> 0.80 for the forward leading particles, i.e. 
the slow proton and the fastest positively charged hadron, 
respectively), combined with a maximum-rapidity-gap cut
=  2.0 between the leading and the next-to-leading 
particle) and an estimation of the non-diffractive back­
ground gives a rather clean isolation of meson and proton 
diffractive event samples, with clear signals for effective 
masses of the diffractively excited particle systems, here­
after called diffractive mass M Di up to about 9 GeV and 
charge multiplicities even above /ich =  8. Finally, we ob­
tain 5499 n *h and 2252 events representing meson dif­
fraction according to the reaction
The proton diffractive event sample according to the re­
action
n + / K +p ^ n  + / K +p D (2)
consists of 4098 n + and 1411 K + events. Since differences 
between the n + and K + data are not relevant for our 
analysis, the event samples have been combined in order 
to increase statistics. In the following /Kp  denotes 
meson and p n proton diffraction as already applied in 
(1) and (2).
3 Charge multiplicities
3.1 Moments o f  the charge multiplicity distribution
The average charge multiplicity </7^> of the diffractive 
meson and proton systems is presented in Fig. la  as a 
function of the diffractive mass M D, where is given 
by n^h — nch— 1. The difference between the meson and 
proton data observed in Fig. 1 a is reduced if instead of 
M d the dependence on the available energy Ea is consid­
ered (Fig. lb). Here, E (t is defined as Eit — M n — mh, , 
where h + refers to the incoming hadron n ' b, K  l or p. 
As can be seen, however, a significant difference remains. 
Except for the lowest energies, the diffractive meson sys­
tem has a higher average multiplicity than the proton 
system. We note, that a similar difference has been ob­
served between charge multiplicities in non-diffractive 
meson-proton and proton-proton interactions (see e.g. 
[16]). Both the meson and proton data can be well fitted 
by a polynomial quadratic in In M D or In E tt, respectively, 
as indicated by the lines in Fig. 1. The resulting fit pa­
rameters and the goodness of the fits are summarized in 
Table 1.
The -values together with other moments of the 
multiplicity distribution, namely the dispersion D defined 
as D2~ ( n ^ 2y — the correlation parameter f 2 de­
fined as / 2==Z)2 — and the ratio </?<£>/£>, are col­
lected in Table 2 and 3 and plotted in Fig. 2 as function 
of M d . The errors include statistical as well as systematic 
uncertainties from estimation of the non-diffractive back­
ground. It should be mentioned that f 2 measures the de­
viation from uncorrelated (poisson-like) particle produc­
tion ( / 2 =  0). While D increases with increasing M D, the 
ratio (ji%.I) ¡D  stays approximately constant at least above 
M Dte3 GeV with a somewhat higher level for meson than 
for proton diffraction. This indicates that meson diffrac­
tive multiplicity distributions are getting narrower than 
proton diffractive ones again in analogy with non-dif- 
fractive hadron-hadron interactions [16].
An investigation of the particle flow into the forward 
and backward hemispheres of the diffractive rest frame 
is in preparation and will be published in a forthcoming 
paper [17]. Following the discussion in the introduction, 
a comparison of the diffractive multiplicities to those of 
hadronic systems from hard and/or soft reactions is per­
formed in Figs. 3 and 4. In Fig. 3 we compare the average 
charge multiplicity of meson diffraction and hadron pro­
duction in e + e~ annihilation [18] as a function of the
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Fig. la,b. Average charge multiplicity of meson 
and proton diffration as function of the diffractive 
mass Md a and the available energy Ea b. The lines 
are fits of polynomials quadratic in In MD and 
1 n E a, respectively
Table 1. Fit of the average charge multiplicity of meson ( n ^ / K ^ )  and proton (pD) diffraction as function of the diffractive mass 
M d or the available energy Ea in i1* / K +p interactions at 250 GeV/c
Energy range 
GeV
(inSi > =  ^  +  - f i ln x + C ln 2x
A B C * 2/ n d f
n t t K i+
Pd
M  
E
D
M  
E
D
1.0
1.0
1.0
1.0
8.4
■8.3
9.7
8.8
2.04 ±0.09
2.05 ±0.10
2.34 ±0.14 
2.20 ±0.15
0.32 ±0.22 
0.67 ±0.23
0.89 ±0.24 
0.10±0.30
0.76 ±0.11 
0.59±0.13
1.06 ±  0.10 
0.67 ±  0.15
8.1/6
2.7/6
4.0/7
3.8/6
Table 2. Multiplicity moments for meson diffraction in n + / K +p 
interactions at 250 GeV/c as function of the diffractive mass M n
<MDh
GeV
<n£> D <«,£ > ! D f 2
1.20
1.74 
2.29
2.75 
3.31 
3.98 
4.79
5.75 
7.35
2.18 ±0.07 
2.37 ±0.07 
2.75 ±0.07 
3.25 ±0.08 
3.59 ±0.09 
3.96 ±0.09 
4.31 ±0.14 
5.04 ±0.14 
5.52 ±0.18
1.11 ±0.08 
1.18 ±0.07 
1.36 ±0.12
1.40 +  0.13
1.40 ±0.13 
1.63±0.17 
1.73±0.18 
2.01 ±0.27 
2.24 ±0.30
1.97±0.16
2.01 ±  0.13
2.02 ±0.19 
2.32 ±  0.22 
2.56 ±0.25 
2.43 ±0.26 
2.49 ±0.27 
2.51 ±0.34 
2.46 ±0.34
-0 .9 5  ±0,07 
-0 .9 8  ±0.07 
-0.91 ±0.07 
-1 .28 ± 0 .08  
-1 .6 4  +  0.09 
-1.31 ±0.09
— 1 *33 ±  0.14
— 0.99 ±0.15
— 0.51 ±0.20
Table 3. Multiplicity moments for proton diffraction in n + / K +p 
interactions at 250 GeV/c as function of the diffractive mass M D
<M0>,
GeV
« > D <«£ > /D A
1.20
1.74 
2.29
2.75 
3.31 
3.98 
4.79
5.75 
6.92 
8.65
2.23 ±0.12 
2.16± 0.10 
2.27 ±0.09 
2.60 ±0.07 
2.70 ±0.07 
3.16 ±  0.07 
3.55 ±0.08 
4.04 ±0.11 
4.45 ±0.21 
5.33 ±0.16
1.43 ±0.26 
1.11 ±0.10 
1.27 ±  0.13 
1.33 ±0.11 
1.35±0.12 
1.53 ±0.13 
I.66±0.16 
1.92 ±  0.21 
2.14 ±0.29
2.43 ±0.58
1.56 ±  0.30 
1.95 ±0.20 
1.79 +  0.20 
1.95±0.17 
2.00 ±0.19
2.07 ±0.18 
2.14 ±  0.21 
2.10 ±0.24
2.08 ±0.30 
2.19±0.33
— 0.19 ±0.14
— 0.93 ± 0.10 
-0 .6 6  ±0.09 
-0 .83  ±0.07 
-0 .8 9  ±0.07 
-0 .83  ±0.07 
-0.81 ±0.08
— 0.37 ±  0.12 
+ 0.14 ±0.23 
+  0.58 ±0.21
energy M D = ]/~s (see also [1]). Within the given experi­
mental accuracy, a reasonable agreement can be seen in 
the region of overlap ( MD^  3 GeV). Higher average mul­
tiplicities in e + e~ reactions are expected in a model for 
diffraction by Dias de Deus [12] which explores the 
Pomeron-photon picture.
Based on similar arguments concerning the hadroni- 
zation of quark-diquark systems we present in Fig. 4 
a comparison of proton diffraction with deep inelastic 
lepton-hadron scattering [19]. From the total hadronic 
net-charge Qh (Qh = 2 for vp, QH= 0 for vp and QH— 1 
for ju*p) one would expect similarities with the // * p data. 
The general trend of the proton data is within errors 
compatible with tx +p as well as with vp interactions. The 
vp points lie above the proton diffraction values through­
out the energy range considered.
In Fig. 5 we present the energy dependence of the 
ratio <«ch>/D  for meson and proton diffraction and 
compare it with that for e've~ [18, 20], ju+p  [19c\ M ±p 
[16, 21a, b, d, e] and p p / p p  [16, 21a, e, 22] data, where 
M ± denotes positively or negatively charged mesons. At 
high energies, the e + e~ and the p p / p p  data become in­
dependent of the energy and develop a sort of upper and 
lower limit for <(«ch)/¿-values. The values for are 
about 50% higher than those for p p / p p .  All other reac­
tions do not reach this energy region, but seem to lie in 
between these two limits (see also [I8e] and [I9c]). At
r
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lower energies, a clear relationship between the different 
reaction types is smeared out. Concerning diffraction 
more data at higher energies are needed to clarify this 
point.
3.2 The shape o f  the multiplicity distribution
In studying the shape of the diffractive multiplicity dis­
tribution in more detail we restrict our analysis to dif­
fractive masses M D greater than 3 GeV, i.e. above the 
resonance region. The normalized multiplicity distribu­
tions for this mass region are given in Tables 4 and 5 for 
meson and proton diffraction, respectively. In Fig. 6 the 
meson diffractive data in the four highest mass intervals 
are plotted in their KNO-form
y /(z )  =  <«ch> p (3)
where z =
tiplicity nch. They are compared with hadron data from
flch/^ch) anc* P„ch is the probability of the mul
interactions at appropriate energies M D =  y s 
[18b, c]. Although, within the experimental errors KNO- 
scaling seems to hold among the different data sets, in­
dications for a small but significant difference between
meson diffraction and e e data become visible when 
parameterising these data according to the one-parameter 
KNO-function [23]
e Ccc=+l 
F(cz  + 1)
(4)
The lines drawn in Fig. 6 represent fits to the combined 
meson and combined e + e~ data sets giving c =  6.70 ±  0.22 
with # 2/N D F  =  30.8/24 for meson diffraction and 
= 7.71 ±0.20 with x 2/N D F =  11.4/18 for hadron pro-c
duction in e e~ annihilations. The e e~ KNO-curve in 
Fig. 6 appears to be narrower than the meson curve.
In Fig. 7 a similar comparison is performed between 
proton diffraction and hadron data in ju +p  interactions. 
Here again, one could conclude from the data points that
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KNO-scaling would hold. However, when fitting the 
combined proton and the combined // +p data separately 
with (4), a small but systematic difference appears, the 
¡a f p KNO-curve is narrower than the proton curve. The 
fit results are c = 4.78 ±0.15 with x 2/N D F  =  23.9/24 for 
proton diffraction and c = 6.00 ±0.22 with ^ 2/N D F  
=  26.2/17 for hadron production in ju+p interactions.
To study the energy dependence of the parameter 
the data sets have been fitted in the different energy in­
tervals. The results are summarized in Table 6 and com­
pared with hadron production in e + e~ [18b, c, e] and 
Ip interactions {vp [19b], ju+p  [19b]) in Fig. 8. The fits 
for the latter data sets have been done partly only on the 
basis of published KNO-plots. The energy dependence of 
the parameter c seems to be weak in the energy range 
considered at least for the diffractive data (approximate 
KNO-scaling). Clearly, diffractive data at higher energies 
are needed.
The results of a fit of the diffractive multiplicity dis­
tributions by the negative binomial distribution
Pn (/?, k  )
k  — 1 
k  — 1
( n / k f
( 1 +  f i / k  )
(5)
3
o
A
jCü
Cv
2
1
i—r—i—r r t—i—r
•  l tf /K S  
■ Pd
o e+ e”
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V M*p
D P P /P P
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*
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Fig. 5. The ratio (nS^ /D  as function of the energy 
for meson and proton diffraction and compared 
with e + e \  ju+p and non-diffractive hh data. The 
dashed lines are only to guide the eye
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Table 4. Multiplicity distributions for meson diffraction in n + / K +p interactions at 250GeV/c in terms of probabilities PIUh for various 
intervals of the diffrative mass M D
n°nch
3.3 4.0 4.8 5.8 7.4
1 0.094^0.014 0.084±0.014 0.060 ±0.011 0.020 ±0,008 0,020 ±0.006
3 0.560 ±0.044 0.453 + 0.037 0.399 ±0.032 0.304 ±0.026 0.237 ±0.023
5 0.304 ±0.030 0.380 ±0.033 0.396 ±0.032 0.421 ±0.031 0.374 ±0.031
7 0.039 ±0.009 0.063 ±0.012 0,121 +0.016 0.173 ±0.020 0.245 ±0.024
9 0.002 ±0.002 0.021 ±0.007 0.023 ±0.007 0.056 ±0.011 0.092± 0.014
11 0.001 ±0.001 0.026 ±0.008 0.023 ±0.007
13 0.008 ±0.004
15 0.002 + 0.002
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Table 5. Multiplicity distributions for proton diffraction in n* /K*p  interactions at 250GeV/c in terms of probability PllcU for variou 
intervals of the diffractive mass Mn
"eh
1
3
5
7
9
11
13
15
<Mn >, GeV
3 "!* %«
0.308 ±0.029 
0.540 ±0.041 
0.147 ±0.019 
0.005 ±0.003
4.0 4.8
0,205 ±0.020 
0.556 ±0.036 
0.196 ±  0.019 
0.039 ±0.008 
0.004 ±0.003
0.161 ±0.017 
0.479 ±  0.034 
0.285 ±0.024 
0.071 ±0.011 
0.004 ±0.003
5.8
0.129 ±  0.015 
0.400 ±0.030 
0.316 ±0.026 
0.131 ±0.015 
0.023 ±  0.006 
0.001+0.001
6.9
0.099±0.015 
0.357 ±0.031 
0.336 ±0.030 
0.158 ±0.019 
0.028 ±  0.008 
0.023 ±0.007
8.7
0.051 ±0.014 
0.281 ±0.059 
0.302 ±0.063 
0.223 ±0.048 
0.115 ±0.027 
0.018 ±0.007 
0.005 ±0.003 
0.004 + 0.003
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Fig. 6. Multiplicity distributions in KNO-form for meson diffrac­
tion (full symbols) compared to e+e~ data. The lines represent fits 
to these data according to the parametrization (4) separately for 
meson diffraction (full line) and e + e~ collisions (dashed line)
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Fig. 7. Multiplicity distributions in KNO-form for proton diffrac­
tion (full symbols) compared to n h/; data. The lines represent fits 
to these data according to the parametrization (4) separately for 
proton diffraction (full line) and ¡i+p interactions (dashed line)
are given in Table 6. In this two-parameter fit, the energy 
dependence of the parameter 1 / k  as well as its compar­
ison to e + e ~, Ih and non-diffractive hh interactions are 
of special interest. This is shown in Fig. 9. The dashed
line for pp/pp  therein represents the linear In ]i s  de­
pendence fitted in [24] and the solid line is the linear fit
to e+e~ results at | / s > 4 G e V  done in [16]. The ex­
perimental points for vp interactions are taken from 
[19b]s for pi+p reactions from [19d] and for M * p  data 
from [16, 21a, b, c, e] where M + denotes positively 
charged mesons. All reaction types give 1 /&-values rising 
with energy.
Above 6 GeV, the diffractive, lepton-hadron and 
meson-hadron data lie between the two lines for pp/pp
and e^e  interactions in accordance with the findings 
for the energy dependence of the ratio (n ch}/D (see Fig. 5) 
and not in contradiction to the behaviour of the KNO- 
parameter c (see Fig. 8). Concerning Table 6 it has been 
checked that both parametrizations of the same data set 
give values for the dispersion D consistent with each other 
and with the experimental data.
4 Summary
The multiplicity structure of meson and proton diffrac­
tion in n + / K * p  interactions at 250 GeV/c is investigated 
and compared to hadron production in e + e ~ , Ih and non- 
diffractive hh reactions. The main results are:
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Tabic 6. Results of KNO and neg. bin. fits to the multiplicity distribution in different mass intervals for meson {np /K^)  and proton (pn) 
diffraction in n 1 / K +p interactions at 250 GeV/c. (For the parametrization see text)
<m d\
GeV
KNO-Fit Neg.-Bin.-Fit
c xV n d f n 1 Ik * 2/N D F
n l / K Ï 3.3 6.57 ±0.43 0.1/4 3.60 ±0.07 — 0.124±0.011 5.4/3
4.0 6.29 +  0.46 7.5/4 3.88 ±0.07 — 0.105 ±  0.012 8.8/3
4.8 6.29 ±0.40 0.7/5 4.31 ±0.08 — 0.072 ±  0.011 4,6/4
5.8 7.34 ±0.49 13.6/5 4.97 ±0.11 -0 .066±0.012 23.6/4
7.4 6.76±0.41 5.2/7 5.53 ±0.10 -0.031 ±0.010 9.0/6
Pn 3.3 4.36±0.31 2,3/3 2.68 ±0.07 — 0.115 +  0.015 0.6/2
4.0 4.09 ±  0.31 1.3/4 3.14±0.07 -0 .077  + 0.018 8.6/3
4.8 4.70 ±0.28 1.9/4 3.55 +  0.07 — 0.064±0.012 1.1/3
5.8 4.56 ±0.25 3.0/5 4.03 ±0.08 — 0.027±0.012 2.2/4
6.9 4.79 +  0.36 8.7/5 4.36 + 0.10 — 0.015±0.016 8.3/4
8.7 5.10 ±  0.31 8.3/7 5.29 ±0.11 + 0.011 ±0.012 8.5/6
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nomial distribution fitted to meson and proton diffraction and com­
pared to e + e~, ip and non-diffractive hh data
(i) Except for the lowest mass the average charge mul­
tiplicity for meson diffraction is significantly larger than 
that for proton diffraction, a difference also observed 
between non-diffractive meson-proton and proton-pro- 
ton interactions. Their energy dependence can be well 
fitted with a polynomial quadratic in In M D where M D is 
the diffractive mass.
(ii) With increasing energy the multiplicity distribution 
for meson diffraction is getting narrower than that for 
proton diffraction, again resembling non-diffractive had- 
ron-hadron interactions.
(iii) The energy dependence of the average multiplicity 
for meson diffraction is compatible with that for e*e~  
collisions and that for proton diffraction compatible with
that for fj, +/7 and vp scattering. However, systematic dif­
ferences are revealed when studying the shape of the mul­
tiplicity distributions in more detail.
(iv) From an analysis of the energy dependence of dif­
fractive multiplicity distributions in terms of the ratio 
<nch) / A  their KNO-form and a negative binomial par­
ametrization and a comparison of the results with those 
from e +e~, Ih and non-diffractive hh interactions, the 
following picture is suggested at sufficiently high ener­
gies: e*e~  and pp/pp  data set the limits for the variation 
of the parameters investigated. Diffractive, Ip and meson- 
proton data lie between these limits. Data at higher 
energies for diffraction and Ip reactions are needed to be 
still more specific.
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